In this paper, we propose an efficient modification of the homotopy perturbation method for solving fractional non-linear equations with fractional initial conditions. Sumudu transform is adopted to simplify the solution process. An example is given to illustrate the solution process and effectiveness of the method.
Introduction
In the past few decades, fractional calculus [1] has been widely used in anomalous diffusion, viscoelastic fluid, thermal conduction, control, turbulence, etc, and the corresponding fractional differential equations have been solved by a wide class of methods, for examples, analytical methods [2] , numerical methods, and some semi-analytical techniques, such as variational iteration method [3] , and homotopy perturbation method [4, 5] . Khan et al. [6] proposed a new technique for solving fractional equations with fractional initial conditions. Recently, Sumudu transform has been used as a valuable tool to solve fractional systems [7] . Motivated and inspired by thinking of Khan et al. [6] , we give a new modification of homotopy perturbation method which is based on Sumudu transform. In this work, we will use this method to solve fractional non-linear heat-like equations with fractional initial conditions.
Fundamental properties of fractional calculus and Sumudu transform
Jumarie's modified R-L calculus theory 
Let α be such that 0 < α < 1, there are two different ways [8] to obtain
to obtain the following Laplace transform:
Sumudu transform
Definition 2. The Sumudu transform of a function f(t), defined for all real numbers
The Sumudu transform [8] of the derivatives with integer order is
We can also get the Sumudu transform of the n-order derivative as: to obtain the Sumudu's transform modified R-L fractional calculus
Description of the method
In order to elucidate the solution procedure of the modified homotopy perturbation method, we consider the following general non-linear system:
where
(x, 0 + ) = a k , g(x, t) is the source term, N -the general non-linear differential operator, and R -the linear differential operator. In view of homotopy perturbation method [4] , we can construct a homotopy for eq. U(x, t) = 0, and when p = 1, it turns out to be the original fractional differential equation. In the homotopy perturbation method, the basic assumption is that the solutions can be written as a power series in p:
and the non-linear term can be decomposed as:
is He's polynomials [5] , which can be generated by:
According to the homotopy perturbation method, and collecting the terms with the same powers of p, we can obtain a series of equations of the form:
:
by means of Proposition 3 given in eq. (3), we get:
Solving for U 0 , U 1 , U 2 , …, respectively, and using the fractional initial value conditions, we obtain: 
